Purpose The aim of this study was to investigate whether a familiar correlation with anterior cruciate ligament (ACL) injury exists between competitive alpine skiers and their parents. Methods All 593 (293 males, 300 females) elite alpine skiers who have studied at a Swedish alpine Ski High School during 2006 and 2012 answered a questionnaire whether they or their parents had suffered an ACL injury. A total of 418 skiers (70 %) answered the questionnaire. Results Twenty-nine per cent (n = 19) out of the 65 ACL-injured skiers reported that they had a parent (mother or father) who have had an ACL injury. In skiers without an ACL injury (n = 353), the result was 18 % (n = 64). An odds ratio of 1.95 (95 % confidence interval 1.04-3.65) was found to suffer an ACL injury if you have a parent who has had an ACL injury compared with if you have a parent without any ACL injury. Conclusion The findings of the current study demonstrated a family history to tear the ACL between alpine skiers who had studied at a Swedish Ski High School and ACL injuries of their parents. Level of evidence III.
Introduction
In Sweden and other countries, alpine skiing is one of the most popular winter sports among children and adolescents [7] . Unfortunately, alpine skiing, like other sports, leads to injuries. In a five-year cohort study, Westin et al. [21] found that 50 % of the students at the ''Swedish Ski High Schools'' sustained at least one injury during their study period, and the knee was the most injured body part. Two epidemiological studies from the International Ski Federation (FIS) Injury Surveillance System (ISS) reported similar results, and the anterior cruciate ligament (ACL) injury was the most common diagnosis in World Cup racers [2, 3] . In addition, Pujol et al. [14] found an ACL injury incidence rate of 8.5 per 100 skier season in the French national ski team. An ACL injury is a serious injury that can stop the skier's career and may lead to an increased risk for early knee arthrosis [9] .
In order to properly evaluate a sport-specific prevention programme, it is necessary to identify both intrinsic and extrinsic risk factors [20] . Previous studies describe a number of intrinsic and extrinsic risk factors that could lead to an ACL injury [17, 18] . Genetic correlation is a disputed intrinsic risk factor. Only a few studies of the relationship between ACL injuries in children/adolescents and their parents exist, and conflicting results have been published [1, 4-6, 8, 11] . In a radio graphical risk factor study, Anderson et al. [1] did not find any familial connection regarding the risk of sustaining an ACL injury. In contrast, three case-control studies demonstrated a familial predisposition to tear an ACL injury [4, 5, 8] .
Flynn et al. [4] studied 171 patients with ACL injuries and individuals without ACL injuries matched for age, sex and primary sport activity. The participants answered a form concerning the possible occurrence of ACL injuries in their families. The results showed that the risk of an ACL injury was twice as high in those who had a family member with an ACL injury compared with those who did not have a family member with an ACL injury. Furthermore, Harner et al. [5] reported an increased risk of ACL injury, if there was a history of ACL injury in the family. They found that 11 out of 31 patients (35 %) with bilateral ACL injuries demonstrated a familial connection to ACL injury compared with 1 in 23 individuals (4 %) without ACL injury [5] . Myer et al. [8] reported a familial predisposition in males but not in females that had undergone ACL reconstructions. In another study, on a pair of sports active twins, Hewett et al. [6] also suggested that a family history is a risk factor for suffering an ACL injury. Some authors have studied the mechanisms behind a familial connection by evaluating different genetic factors associated with ACL injuries [10] [11] [12] [13] 15] . They found chromosome and genotype variance to be underrepresented in ACL-injured patients compared with individuals without ACL injuries [10, 13] . Moreover, some of the different genotypes encoding different types of collagen fibrils in ligament and tendons were overrepresented and others were underrepresented in female patients with ACL injuries compared with female controls without ACL injuries [11, 12, 16] . To our knowledge, no relationship between the incidence of ACL injuries in alpine skiers and their parents has been identified. The clinical relevance of this study is twofold. Firstly, to be sport specific by studying one sport and secondly, to introduce prevention programs for severe knee injuries if there is a familiar predisposition for sustaining an ACL injury.
Therefore, the purpose of the present study was to investigate whether there is any relationship between the prevalence of ACL injuries in alpine ski students at elite level and ACL injuries in their parents.
Materials and methods
The cohort consisted of all alpine ski students, who have studied at one of the Swedish Ski High schools between 2006 and 2012. A total of 593 skiers (293 males, 300 females) were invited to participate in the study. Completed responses were obtained from 420 skiers (189 males, 231 females). Two hundred and twelve skiers, who still were studying at a Swedish Ski High school, answered the questionnaire at a personal meeting with the principal investigator (MW). The other 208 skiers, who had already finished their studies at a Swedish Ski High school, were contacted and completed the questionnaire by email. The skiers were asked to complete a questionnaire about personal and family history of ACL injury. The questions were designed with ''Yes'' or ''No'' answers. If the skier was unsure of the requested information, he/she was asked to come back after having consulted their parents. Two skiers were excluded because they had no access to information on biological family members. In total, 418 skiers (187 males, 321 females) were included in the study representing a response rate of 70 %. The mean age of the included skiers was 20.5 ± 2.6 years.
The present investigation was approved by the Regional Ethics Committee in Stockholm, Sweden (Dnr: 2012/1280-32).
Statistical analysis
Descriptive data are presented as means and standard deviations, while categorical data are presented by cross tables and proportions and percentage. An ACL injury in the skier and in one of his/her parents were coded as ''Yes'' or ''No''. Furthermore, a variable, ''ACL injury of either parent,'' was encoded in the same way ''Yes'' or ''No''. If either parent or both parents had an ACL injury the code was ''Yes''. For categorical data, the chi-square test was used to study possible group differences. The level of significance was set at p \ 0.05. Two logistic regression analyses with multivariate method were conducted to control for gender where male skiers were coded to 1 and female skiers to 2. In the first step, the independent variables were gender and an ACL-injured father or an ACL-injured mother. The dependent variable was an ACL injury in an alpine skier. The second step was an ACL-injured father or an ACL-injured mother with the variable ''ACL injury of either parent''. The results are presented as odds ratio (OR) with 95 % confidence interval (CI). Data were analyzed using the Statistical Package for the Social Sciences, SPSS 20.0.
Results
Sixty-five out of 418 skiers had undergone an ACL reconstruction of at least one ACL injury. Among the parents, 51 fathers and 35 mothers had suffered an ACL injury. Table 1 shows the frequency of ACL injuries in the skiers and their parents. The result of the chi-square analysis indicated a significantly higher (p = 0.04) proportion of ACL-injured parents in ACL-injured skiers compared with uninjured skiers.
The results showed an OR of 1.95 to suffer an ACL injury if you have a parent who has had an ACL injury compared with if you have a parent who did not have had any ACL injury (Table 2) .
No significant correlation was found between the prevalence of ACL injuries in alpine skiers and the prevalence of ACL injuries among their fathers or their mothers. There was no significant difference between male and female skiers about their familial relationship ( Table 2) .
Discussion
The most important finding of the present study was that an elite alpine skier is almost twice more likely to sustain an ACL injury if he (or she) has a parent with an ACL injury when compared to an elite alpine skier without a family history of ACL injury. The same finding has been reported in other studies [4] [5] [6] 8] . The present study included alpine skiers in contrast to the other studies that included different sports [4] [5] [6] 8] . Flynn et al. [4] discuss the possibility of selection bias, since the subjects and controls were not recruited from the same cohort. In the present study, there is no selection bias since the subjects consisted of a homogeneous group. In a multiple risk factor investigation, Hewett et al. [6] found a familial risk when they studied one ACL-injured fraternal twin sister, who also had on older ACL-injured sister. Harner et al. [5] found an increased prevalence of ACL injury in family members. Furthermore, Myer et al. [8] showed an increased prevalence of ACLinjured first degree relative in ACL-injured males compared with a group of males that had undergone arthroscopic partial meniscectomy but not in the corresponding groups of females. However, the definition of family member is not given in the study by Harner et al. [5] . Similarly, Myer et al. [8] did not define what they mean by first degree relative. In contrast, the only study that did not find any relationship between family history and ACL injury appears to be the study by Anderson et al. [1] . They conducted a radiographic study of the femoral notch in the knee joint and did not find any association between family history of the femoral notch size and ACL injury [1] . An explanation of these contrasting results may be that genetic predisposition does not have a significant effect unless the subjects are exposed to situations in which ACL injuries are common.
Posthumus et al. [10] [11] [12] [13] reported genetic factors to predispose subjects to an ACL injury but in one of these studies [12] on female soccer players no generalization to males or other populations were shown. The same goes for the present study, which is likely to be the first one on elite alpine skiers and cannot be generalized to other populations.
By selecting a homogeneous group of athletes, competitive alpine skiers, the degree of the exposure factor and sports activity could be determined. In future investigations, it would be helpful if the analysis related to age at onset of injury to get as accurate a picture as possible of any correlation with the incidence of ACL injury. This should be of particular interest, since age has previously been shown to be a risk factor for ACL injuries [19] . The results of the present study showed a higher tendency to suffer an ACL injury if the skier has a mother who has had an ACL injury than if he/she has a father with a previous ACL injury. However, this result was not statistically significant, which may be explained by too few cases.
A possible limitation of the study is lack of information whether the parents sustained their ACL injuries during sporting activities, and if so, in what sport. A questionnaire was used for data collection, and it corresponds to methods used in earlier investigations [4, 5] . The questionnaire was, however, not tested for reliability or validity, which would have been desirable. Another limitation is that we did not have access to the injury records of the parents ACL injuries. Their ACL injuries were self-reported by the skier's parents.
For more basic information on the relationship between the incidence of ACL injuries in children/adolescents and their parents, it may be desirable in the future to use the Swedish national knee ligament register. Information can be obtained for example whether children/adolescents with ACL injuries have parents who have had an ACL injury or not. This information will also be provided in terms of the age at which the parent and child were injured and the cause of injury as well as activity level before their injury. The Swedish national knee ligament register started to record ACL injuries around 2005 and is, therefore, currently too new for such a study. Mother with an ACL injuries versus mother without an ACL injuries 1.88 0.79-4.47
OR odds ratio, CI confidence interval The strength of the present study is that our population consisted of a homogenous group of subjects, recruited as a cohort, which reduces the risk for selection bias. The cohort, elite alpine skiers, belongs to a group of athletes that are exposed to high risks for sustaining ACL injuries.
The impact of hereditary and environment factors when it comes to injury occurrence is an ongoing discussion without a definitive answer. However, it is important to take every possible opportunity to identify risk factors for suffering an ACL injury in elite alpine skiers. Knowing that a skier with a family history of ACL injury, defined in this study as having a parent that has suffered an ACL injury, is twice as likely to suffer from such a knee injury is valuable. However, that information is not easy to communicate to their children and may not have any impact on their behaviour, as it would be unethical not to allow children/ adolescent to ski because he/she has a parent who has had an ACL injury. On the other hand, it would be unethical not to take advantage of this knowledge. The first step may be to ask questions about familial relationships regarding ACL injuries in order to capture the children/adolescents at increased risk. It is suggested that individuals with a possible predisposition for an ACL injury should be especially careful and observe safety precautions of external risk factors for not exposing themselves to unnecessary risk situations. From a clinical point of view, a further suggestion could be to introduce and highlight preventive strategies for the risk to sustain a severe knee injury.
For future studies, it would be interesting to use the same study design in other sports and compare the results of the present investigation in elite alpine skiers with athletes from these other sports. This may give rise to new knowledge also in these sports when it comes to possible familial relationship in terms of ACL injuries.
Conclusion
The conclusion of the present investigation is that there was a familial relationship in terms of sustaining an ACL injury in alpine Ski High school students and ACL injuries in their parents.
